Proteins are the building blocks of cells of living creatures of all kingdoms. Due to pivotal role of protein structures in understanding evolutionary relationships and inferring their functions, the need to have a publically available databank was recognized and this results in establishment of protein data bank. This is a repository of protein structures in form of text files. Understanding and accessing protein structures in plain text files is very cumbersome job and a little bit difficult to understand the data as well. Several struggles have been made to transform protein structures of protein data bank in relational databases but all available relational databases of protein structures till now either do not provide complete information about the protein structures or they are not convenient to. Relational Protein Databank, presented in this paper, is a repository of all protein structures of protein databank stored in tables. A web interface has been provided to access various elements of protein structures in much more user friendly way. The structure of relational protein database has made data selection, insertion, deletion and editing very easy. RPDB is developed in MySQL which is an open source relational database management system.
INTRODUCTION
Proteins are the building blocks of all cells and perform all types of functions ranging from dynamic process of life maintenance, reproduction, defense, and replication. Due to pivotal role of protein structures in understanding evolutionary relationships and inferring their functions, the need to have a publically available databank was recognized and this results in establishment of Protein Data Bank (PDB) (Bernstein et al., 1978) . Current version of PDB is termed as Worldwide Protein Data Bank (wwPDB) (Berman et al., 2007) and it comprises protein structures generated by NMR spectroscopy and X-ray crystallography. In the current era, a large number of protein structures are being determined by electron microscopy and added in PDB (Lee et al., 2012) . One of early databases was BIPED (Thornton and Gardner, 1989) that had data of protein secondary structure location and solvent accessibilities. SESAM (Huysmans et. al., 1991) was developed using the SYBASE (MacNicol and French, 2004) package. It was a relational database and allowed to incorporate raw data on protein structure and sequence ligands. Protein secondary structure (PSS) (Suzuki et al., 1991) was developed to associate protein sequence database with the atomic co-ordinates of the PDB. One of the drawbacks of these databases was that due to non-availability of World Wide Web at those times they were not accessible easily. Iditis (Gardner and Thornton, 1998 ) was a good commercial relational database for protein structures that allowed a wide range of queries to be used to fetch data. PACSY (Protein structure and Chemical Shift NMR spectroscopY) (Lee et al., 2012 ) is a relational database that incorporates information from PDB, the Biological Magnetic Resonance Data Bank (BMRB) (Markley et al., 2008) and the Structural Classification of Proteins (SCOP) database. It allows a user to get 3-D coordinates and chemical shifts of atoms along with derived information such as solvent accessible surface areas, torsion angles. It consists of 7 table types connected to one another for coherence. The size of PDB is increasing at an enormous rate. The protein structures are distributed in text form with a specific format, one text file for every protein structure. The individual protein structures can be investigated in detail, however, this pattern does not allow to examine a protein structure on record level to analyze specific features of interest. PDB allows a user to search protein structures by using limited parameters such as protein name, function, source and simple experimental information. Secondly, searching a protein structure based on some specific parameter or comparing a protein structure with all structures in PDB is very time consuming task. Several relational databases have been developed to make searching and comparison of protein structures efficient and user friendly. However, some of the databases have either provided limited range of searching criteria or the interface provided by them is not user friendly. Relational Protein Data Bank (RPDB) is developed in MySQL. It comprises of several tables which have relationships to each other for selection, insertion, deleting and editing protein structures very easily. All protein structures in PDB have been transformed and stored in RPDB. RPDB provides a web interface for searching and comparing protein structures. The interface is designed using hypertext markup language (HTML), cascading style sheet (CSS). Business logic is written in Java programming language. It has made convenient to retrieve and analyze data of a single protein. For example, the user can obtain header data, the journal in which the protein structure was published, the atom coordinates, sequence residues, helix/ beta sheets, the chains and any other information of a particular structure. RPDB also allows the user to compare various components of one protein structure to the other protein structure. For example, a user can compare secondary structure elements, atom coordinates or sequence residues of two given protein structures. Similarly, all these activities can be performed while comparing a single protein structure against multiple structures.
MATERIALS AND METHODS

Relational Protein Databank (RPDB):
The Relation Protein Databank is a database, which was used to store PDB data in the form of relations. Each PDB file is stored in different entities of RPDB with their desired attributes. MySQL relational database management system was used to create and maintain RPDB. This RDBMS is an open source management system and stores data in the form of intersection of rows and columns. The database system has provided the support of Structured Query Language (SQL) for communication between application program and RDBMS.
Methodology of downloading PDB files and inserting data in RPDB:
The whole process of downloading PDB files and inserting records of a PDB file in RPDB (Fig. 1) . Downloading PDB Files: PDB IDs were downloaded from the website of PDB and saved in an excel file. These IDs were used to download PDB files using a software tool written in Java programming language ( Fig. 1 ).
Inserting protein structures into RPDB:
A parser written in Java programming language was used to extract all records of a PDB file and insert them in RPDB.
Computer languages: RPDB was written using java servlets, Java Sever Pages (JSPs), JavaScript and HTML. JSP was used to implement presentation layer. JavaBeans were used to implement business logic. Java servlets were used to write server side script. JavaScript was used to write client side script and verify data provided by user. HTML was used to present data and contents to the user in an attractive manner. Development environment: NetBeans IDE 7.4 was used as an integrative developing environment to write desktop as well as web based versions of SuitePST.
RESULTS
RPDB is a relational protein databank developed in MySQL.
All PDB files available in PDB were parsed and records of PDB files were stored into several related tables. These tables have entity and referential integrity constraints which ensure data integrity. The minimal data redundancy is achieved using normalization technique up to 3rd normal form. This methodology has made retrieval and analysis of data very efficient. RPDB architecture: Since RPDB is a web application so its architecture can be described through three tier architecture as shown Fig. 2 . This tier architecture is composed of three layers: (1) presentation layer displays results and graphs and tables on the user screen, (2) business logic layer performs computations and analyze the data and send it to the presentation layer, (3) data layer has all pdb files downloaded by the PDB files downloader.
Entity relational model (ER-Model):
The ER-model ( Fig. 3 ) was developed to describe the entities of RPDB, their attributes and relationship among them. The structural constraints i.e., cardinality and participation were used to maintain entity and referential integrity. It outperforms other databases in several ways such as  It allows a user to find out comprehensive information about a single protein using a number of criteria,  It supports search of protein structures using large number of records.  It allows searching protein structures using nested search criteria.  It provides a user friendly interface for usage of relational operators to make a search query comprehensive.  It allows a user to compare a given protein structure with the whole database using a number of criteria.  It allows to compare two given protein structures based on various criteria. Comparison of RPDB with other relational databases is summarized in Table 1 .
DISCUSSION
Proteins are the building blocks of all cells in all living creatures of all kingdoms. Their functions can be examined through their structures (Whisstock and Lesk, 2003; Prabhavathi et al., 2011; Bordoli et al., 2009) . Applications of protein structures can be observed in a number of research studies such as designing site-directed mutagenesis experiments, virtual screening, rationalizing the effects of variations in sequence (Hillisch et al., 2004; Kopp and Schwede, 2004; Marti-Renom et al., 2000; Peitsch, 2002) . They perform all types of functions ranging from dynamic process of life maintenance, reproduction, defense, and replication. Due to pivotal role of protein structures in understanding evolutionary relationships and inferring their functions, the need to have a publically available databank was recognized and this results in establishment of Protein Data Bank (PDB) (Bernstein et al., 1978) . Current version of PDB is termed as Worldwide Protein Data Bank (wwwPDB) (Berman et al., 2007) and it comprises protein structures generated by NMR spectroscopy and X-ray crystallography. In the current era, a large number of protein structures are being determined by electron microscopy and added in PDB (Lee et al., 2012) . RPDB is a relational database of protein structures available in PDB (Bernstein et al., 1978) . This database was developed in MySQL (Kofler, 2001) which is an open source (West and Gallagher, 2006 ) relational database management system. All records of protein structures downloaded from PDB were downloaded and saved in relational protein database using a program written in java programming language. Saving of protein structures in a lot of relations has made the search and retrieval of information very efficient and user friendly. Table of content is the most important relation in the database. It is used to manage other relations. As a part of RPDB, web interface and web server were also developed using JSP and HTML. Other relational databases such as Protein structure and chemical shift NMR spectroscopy (Lee et al., 2012 ) is a relational database management system that extracts and integrates information from three data sources. It does not provide the support to analyze protein structures record by record and (Mobilio, 2010) presented three databases i.e. Protein Relational Database, Matrix Metalloproteinase Knowledge Base and Kinase Knowledge Base. They extract data from protein databank. They made it easy to find atomatom distances among protein and ligand. Ring controids, centoroid-atom and centroid-centroid distances are also provided by this database. However, this database does not support comparison of two or multiple protein structures based on various elements such as HET Atom, secondary structure elements, atom co-coordinates sequence residues. RPDB outperforms other relational databases in several ways such as now a user can find out well organized information about a single protein using a number of criteria, search protein structures using large number of records, use nested search criteria, build a query using relational operators, compare a given protein structure with the whole database or compare two protein structures using a number of criteria. One of the core features of RPDB is that normalization process was followed to reduce redundancy and keep data in the well managed form. This feature helped a user to get information about a particular part of a given protein. Front end interfaces of other relational databases provide limited features to get information about a protein structures. Some of them involve multiple steps (Gardner and Thornton, 1998) to run a simple query. Some of them (Lee et al., 2012) lack the ability of generating queries using nested criteria. 
Conclusion
